Background
Introduction
Coronary artery disease (CAD) is the most common cause of death in Europe and North America [1] , making early detection or prediction of atherosclerosis an important clinical goal. Although conventional angiography remains the clinical reference standard in the diagnosis of significant CAD, computed tomographic coronary angiography (CTCA) permits not only detection of stenosis but also the presence and extent of coronary artery calcification (CAC) which reflects plaque burden. CAC forms within the coronary artery wall, and is usually found in or adjacent to atherosclerotic plaques and is consequently known as sub-clinical atherosclerosis [2] . In addition to its role in affecting plaque stability, extensive CAC can be associated with exertional angina even in the absence of significant flow limiting lesions [3] .
The conventional cardiovascular (CV) risk factors (dyslipidaemia, hypertension, diabetes mellitus, obesity and smoking) are regularly used to estimate the 10-year coronary event risk [4] . The European Calcific Coronary Artery Disease (Euro-CCAD) study, an international platform established in 2009 in Umeå, Sweden, was initiated with an objective of assessing the additional role of coronary calcification in stratifying patterns of CAD in symptomatic patients. We have previously explored the relationship between CV risk factors, CAC and significant (>50%) stenosis in symptomatic patients [5] . This retrospective cross-sectional study elaborates on that report by investigating any differences in the predictive ability of conventional CV risk factors, including family history of coronary artery disease (CAD), and CAC for significant stenosis in symptomatic patients from northern and southern Europe and the USA.
Methods
Retrospective data was collected from seven heart centres in six countries on two continents in patients with intermediate (10-20%) 10-year risk for developing coronary heart disease [6] .
Some data were collected from registries. Patients had typical or atypical angina symptoms; data allowing classification of chest pain as typical angina, atypical angina or non-cardiac chest pain as defined by Diamond [7] were not available although it was surmised that the majority had typical angina. Patients received a thorough clinical examination and assessment of conventional risk factors for CAD, together with CAC scoring using the local CT protocol. They also received coronary angiography (conventional or CTCA) to assess the presence and extent of stenosis. Significant coronary stenosis was defined as >50% narrowing of one or more of the epicardial coronary arteries. Computed tomography scanning protocol CT scanning for coronary calcification was undertaken with the patient in the supine position. The heart was localized by low-dose, low-resolution spiral CT imaging of the chest. Highresolution scanning of the heart was begun at the level of the bifurcation of the main pulmonary artery and proceeded caudally through the cardiac apex. Rotation and slice acquisition protocols were adopted according to individual scanners and local protocols. At least four contiguous pixels with a CT density ≥130 Hounsfield units were used to define an area of CAC. The total CAC score (CACS) was computed from all calcified lesions by means of the Agatston score, calculated by multiplying the area of each lesion by a density factor and then summing the individual lesion scores [7] . Analyses were performed using local protocols and workstations [8] . Calcium scores were categorized as follows: 0, 1-99 (mild), 100-399 (moderate), 400-999 (severe) and ≥1000 (extensive).
Computed tomographic coronary angiogram scanning protocol CTCA was performed according to local protocols. Heart rate was controlled by oral or intravenous metoprolol administered before CTCA. As an example, CTCA may be performed using a 64-slice scanner (64 × 0.625 mm collimation, 330 ms gantry rotation time, VCT, GE Medical Systems, Milwaukee, WI, USA), with dose modulation attained with 'electrocardiographic gating' for maximum gantry delivery 40%-80% of the R-R interval. Image datasets were analysed using volume rendering and multiplanar reconstruction on post-processing workstations. A semiquantitative scale was used by the CTCA readers to grade extent of luminal stenosis as a percentage of the vessel diameter using visual estimation.
Risk factor assessment
All centres used standard definitions for risk factors. Blood lipids were measured using standard enzymatic methods. Hypercholesterolaemia was defined as total cholesterol >5.0 mmol/l (193 mg/dl), low density lipoprotein cholesterol >3.00 mmol/l (116 mg/dl) or concurrent use of lipid-lowering medications. Diabetes was defined as overnight fasting blood glucose ≥7 mmol/l (126 mg/dl), postprandial blood glucose ≥11 mmol/l (200 mg/dl) or concurrent use of insulin or oral hypoglycaemic agents. Family history of premature CAD was noted if a male first-degree relative developed CAD aged <55 years or a female first-degree relative aged <65 years. Hypertension was defined according to the JNC-7 guidelines as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg and/or concurrent use of antihypertensive medications [9] . Body mass index (BMI) was calculated using height and weight measurements, with BMI ≥30 International Cardiovascular Forum Journal 13 (2018) DOI: 10.17987/icfj.v13i0.487 kg/m2 indicating obesity. The patient was classified a smoker if they had smoked during the last month. A total risk factors score was created by counting 1 for each risk factor present, with the exception of age, without any attempt to give more weight to any particular risk factor.
Statistical analysis
Statistical analysis was undertaken using IBM SPSS Statistics version 18 (IBM Corporation, Armonk, NY, USA). Continuous variables were expressed as mean ± SD or median, the CAC score was log-transformed after adding 1 in the multivariable logistic regression model. The differences between groups (Europe vs USA and northern vs southern Europe) were analysed by Student's t test or Mann-Whitney test, as appropriate. Categorical variables were expressed as absolute value and percentage and the differences were analysed by Chi-Square test. The covariatesadjusted odds ratios (OR) and 95% confidence intervals (CI) of risk factors were derived from the Multivariable Logistic Regression models. Patients with missing values were excluded from the Multivariable Logistic Regression analysis. To assess the stability of the derived models 10-fold cross-validation was used, where the corresponding classification accuracy, sensitivity and specificity were determined for each of the ten models. Classification results based on different sets of explanatory variables were compared using nonparametric methods. A p-value of <0.05 was considered statistically significant. Table 1 shows the patient characteristics divided into 4867 patients from Europe and 648 from the USA. The USA patients were younger by a mean of six years (p<0.0001) with a higher percentage of males (p=0.004) than the Europe patients. In the USA group, the prevalence of diabetes (p=0.002), smoking (p=0.003) and hypercholesterolaemia (p=0.044) and the number of risk factors (p=0.042) were significantly higher but the prevalence of hypertension was lower (p=0.004) compared to the Europe group. There was no difference in the prevalence of a family history of CAD. Approximately 40% of obesity values were missing, including from all USA patients, and consequently no comparison could be carried out between continents.
Results

Continent comparison: Europe vs USA Patient characteristics
The prevalence of significant coronary stenosis in the USA group was nearly double that of the Europe group (p<0.0001). Despite the mean age being higher in the European subjects, the median CAC score was more than three times higher in the USA group (p<0.0001) and the mean log (CAC+1) was also higher (p<0.0001). When broken down into CAC scores according to stenosis (Figure 1 ), the USA group had fewer patients with zero and mild CAC but more patients with moderate and severe CAC compared to the Europe group, since the USA group had more patients with any CAC score ≥100 (p<0.001) than the Europe group. The prevalence of extensive CAC (score ≥1,000) was not different between groups. The severity of calcification parallels the prevalence of coronary stenosis.
Multivariable risk factor predictors of >50% stenosis between
Europe and USA patients with and without the CAC score as a risk factor With the CAC score excluded as a risk factor, Table 2 shows that in both the Europe and USA groups, age was strongly correlated with >50% coronary stenosis (p<0.0001 for both). Male gender was the strongest predictor of stenosis (ORs 2.83 and 3.89 respectively, p<0.0001), followed by diabetes (ORs 1.91, p<0.0001 and 1.93 p=0.005 respectively). In the Europe group, smoking was the next strongest predictor (OR 1.47, p<0.0001), followed by hypertension (OR 1.39, p<0.0001), family history of CAD (OR 1.27, p=0.002), and hypercholesterolaemia (OR 1.22, p=0.009). In the USA group, hypercholesterolaemia was the next strongest predictor (OR 1.77, p=0.001), but smoking, hypertension and family history of CAD were not independently predictive.
When the CAC score was included in the multivariable analysis its effect eclipsed that of all risk factors, giving an OR of 3.17 for the Europe group and 4.36 for the USA group (p<0.0001 for both). Age was correlated with >50% coronary stenosis only in the Europe group (p=0.01). Male gender remained the next most important predictor on both continents, with an OR of 1.55 for the Europe group and 2.85 for the USA group (p<0.0001 for both). In the Europe group, diabetes was the next most important risk factor (OR 1.33, p=0.01), followed by family history of CAD (OR 1.27, p=0.006), and smoking (OR 1.21, p=0.03), but hypertension and hypercholesterolaemia lost significance. In the USA group, there were no other independently predictive risk factors. Table 3 shows the patient characteristics divided into 1906 patients from northern Europe (NE) and 2961 from southern Europe (SE). The NE patients were slightly younger than the SE patients by a mean of two years (p<0.0001) but the gender ratio showed a higher percentage of males in the SE patients (p<0.0001). The prevalence of family history, smoking and obesity 
Region comparison: Northern vs Southern Europe Patient characteristics
were significantly higher among the NE patients (p<0.0001 for all), while the prevalence of diabetes (p=0.004), hypertension (p<0.0001), hypercholesterolaemia (p<0.0001) and the number of risk factors (p<0.0001) were significantly higher in the SE group.
The prevalence of significant coronary stenosis was not different between the two regions although the median CAC score was twice as high in the SE group (p=0.005) and the mean of log (CAC+1) was also higher (p=0.002). When broken down into CAC score ranges (Figure 2 ), the SE group had fewer patients with mild CAC but more with a CAC score of ≥100 (p<0.0001).
Multivariable risk factor predictors of >50% stenosis between NE and SE groups with and without the CAC score as a risk factor With the CAC score excluded as a risk factor, Table 4 shows that in both the NE and SE groups, age was strongly correlated with >50% coronary stenosis (p<0.0001 for both When log (CAC +1) was included in the regression analysis, it became the most important independent predictor of significant stenosis in both the NE and SE groups (ORs 2.76 and 3.53 respectively, p<0.0001 for both), followed by male gender (ORs 1.62 and 1.69 respectively, p<0.0001 for both). In the NE group the second most important predictor was hypercholesterolaemia (OR 1.51, p=0.003) followed by hypertension (OR 1.36, p=0.03) and smoking (OR 1.31, p=0.04). Diabetes and family history had no predictive ability. In the SE group, however, smoking was the next most important risk factor after log (CAC+1) and male gender (OR 1.64, p<0.0001), followed by hypercholesterolaemia (OR 1.63, p<0.0001), diabetes (OR 1.43, p=0.01) and family history of CAD (OR 1.32, p=0.02). Hypertension had no predictive ability. Age was not correlated with >50% stenosis in either group. Obesity was excluded from this analysis due to a significant number of missing values but when a separate analysis was performed in the 3126 patients with complete data, the analysis showed that obesity was the second strongest predictor in the NE group (OR 2.39, p=0.0006) but showed no predictive ability in the SE group.
The classification based on the regression models in Table 2 , showed that the classification accuracy was higher when the CAC score was added (overall classification accuracy 81.7% for Europe and 80.8% for USA), compared to without CAC score (classification accuracy: 77.3% for Europe and 62.4% for USA). When the CAC score was added in the model, the specificity was 93% and sensitivity was 43% for Europe, 77% and 85% for USA. Without the CAC score, the specificity was 98% and sensitivity was 7% for Europe and 70% and 62% for USA.
Discussion
Study findings
There are some striking differences in the patient characteristics between the Europe and USA groups. USA patients were younger and had more diet and lifestyle-related risk factors (diabetes, hypercholesterolaemia, smoking), although hypertension may have been better controlled than in Europe. They also showed a two-fold increase in the prevalence of significant stenosis and a three-fold increase in median CAC scores, compared to Europe. Nevertheless, the most important risk factors for >50% stenosis in both groups were male gender followed by diabetes. Hypercholesterolaemia was also predictive in the USA group, whereas in the Europe group all risk factors were predictive. When the log CAC score was included as a risk factor, it became by far the most important predictor of >50% stenosis in both continents, followed by male gender. In the USA group, there were no additional independently predictive risk factors but in the Europe group, diabetes remained a strong predictor but hypertension and hypercholesterolaemia lost significance. This indicates that despite the increased prevalence of risk factors in the USA group, other than male gender they all become confounding factors in the face of the overwhelming impact of the CAC score.
The difference in age between northern and southern Europe is not so marked but the other risk factors are divided between a greater prevalence of family history, obesity and smoking in NE but a lower incidence of diabetes, hypertension and hypercholesterolaemia. Although the median CAC score was 2-fold lower in the NE group compared to the SE group, there was no difference in the prevalence of significant stenosis. In the NE group, male gender followed by obesity, hypertension were predictive of >50% stenosis but all risk factors were predictive in the SE group with the exception of obesity, with diabetes being the strongest after male gender. Again, when the log CAC score was included as a risk factor, it became by far the most important predictor of >50% stenosis in both European regions, followed by male gender. Curiously, the inclusion of the CAC score increased the number of predictive risk factors in the NE group (obesity and hypertension, smoking, hypercholesterolaemia), with all risk factors other than hypertension proving to be predictive in the SE group.
Comparison with similar studies
The principal geographical comparison studies have been between the US Multi-Ethnic Study of Atherosclerosis (MESA) and the German Heinz Nixdorf Recall study (HNR), both population studies, whereas ours investigated referred symptomatic patients. Although none of these comparison studies assessed significant stenosis, a study of CAC [8] showed that the prevalence of most risk factors among the German cohort was higher than among the US cohort. As in our study, hypertension was lower in the USA group, thought to be due to greater use of anti-hypertensive medication; incidence of smoking and hypercholesterolaemia was also lower in the US cohort but diabetes prevalence was similar. Another comparison study, using a completely different USA cohort (from the Epidemiology of Coronary Calcification study) but possible duplicates among the HNR population, found that risk factors were generally more prevalent among Germans, particularly smoking [9] . A further study comparing Caucasian cohorts from the USA, Portugal and Brazil [10] , the latter two selected for their genetic similarity, found that generally risk factors among males and females were most prevalent among the Brazilian cohort, which had the lowest mean age, and were least prevalent in the US cohort, with the Portuguese cohort lying in between; the only exception was the incidence of smoking, which was highest among Portuguese men.
Another MESA/HNR comparison study investigated predictors of carotid intima-media thickness (cIMT) [11] , a known surrogate for coronary artery disease, and showed that the CV risk factors were generally worse in the HNR cohort. Nevertheless, the strongest risk factors associated with cIMT in both cohorts were age, male gender and systolic blood pressure, with smoking, diabetes and hypercholesterolaemia also proving significant. The authors described a 'remarkable level of agreement' between the US and German cohorts. A further cIMT study (IMPROVE) investigated elderly high risk Caucasian subjects from Finland, France, Italy, the Netherlands and Sweden [12] and found that a more northerly latitude was the most important determinant of cIMT, followed by age, gender, pulse pressure, duration of smoking, educational level and hypertension. Northern European participants had a significantly more proatherogenic profile than patients recruited in France and Italy, thought in part to have been related to the ready availability of olive oil and fresh fruits in southern Europe, which were only available to those of higher socioeconomic status in northern Europe. The authors also considered that a difference in vitamin D metabolism and incidence of depression may help to account for the geographical difference.
Clinical implications
It is interesting that in symptomatic patients, coronary calcification is the strongest predictor of significant stenosis irrespective of the continent or geographical origin of the patients. This supports previous findings which showed that the extent of coronary calcification is a powerful predictor of stenosis severity. However this study also demonstrates the clinical predictive power of the CAC score over and above those of conventional risk factors, routinely used in clinical practice to manage such patients. Nevertheless, a few patients with stenosis have zero CAC, so the absence of CAC should be taken as indicative and not as ruling out the possibility of significant stenosis. The second important predictor was gender, which again complies with previous population findings which showed that coronary stenosis lags by almost 10 years of age in females compared to males. Although we found that the CAC score was the most important predictor of CAC presence, this does not obviate the need for optimum control of conventional risk factors, particularly in Europe, where they are more prevalent and modestly predictive.
Limitations:
The duration of risk factors is not known but we believe that most risk factors were reasonably controlled at the time of recruitment in the study. Coronary stenosis severity was subjectively judged by multiple readers, as is the pattern of clinical practice; this might have over-or under-estimated the extent of arterial narrowing and hence the accuracy of the prediction analysis. Also, due to the retrospective design of the study, we were unable to assess the reproducibility of the assessment or the agreement between readers. The loss of potential predictive value of risk factors for stenosis could be related to the smaller sample volume of the USA patients compared to Europe, and also almost 50% of the former have stenosis compared to only 25% in Europe. Furthermore, most of the USA patients with stenosis are expected to have high CAC scores as shown in Figure 1 . We did not have data on obesity in any USA patients and in some of the Europe patients, which hindered the inter-continental and inter-regional comparison of the influence of obesity. The CTCA local protocol might have slightly differed between centres, but this is unlikely to be of significant magnitude to alter the results or to re-stratify patients into different categories. Nutritional habits might also have, to some extent, influenced CAC development and extent, although objective assessment of this was not available.
Conclusion
The most striking result in our study is the strong importance of the CAC score followed by male gender as independent predictors of >50% stenosis in all geographical regions, despite little similarity in the conventional risk factor profiles. Since there were no other independent predictors in the USA group, it suggests that conventional risk factors are either predictive of CAC score or not predictive of significant stenosis. This was in marked contrast to the two Europe groups, where virtually all risk factors with the exception of age remained predictive, albeit to a lesser extent. These differences might be related to the patients' ethnicity, being mostly Caucasians in Europe but multi-ethnic in the US.
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